Abstract As HIV-positive children are surviving to adolescence and beyond, understanding their HIV knowledge and sexual behavior is critical. Forty HIV+ adolescents/young adults were interviewed twice, approximately 21 months apart (mean age 16.6 and 18.3 years, respectively). Data on demographics, safer sex knowledge, sexual risk behaviors, risk reduction self-efficacy, and Tanner stage were collected. Twentyeight percent of HIV+ youth at Time 1 and 41% at Time 2 reported being sexually active. HIV transmission/safer sex knowledge was low, increased with age, and both self-efficacy for and actual condom use was relatively high. Secondary prevention messages should be incorporated into routine medical settings.
Introduction
Children who became infected with HIV early in life are now living into adolescence and young adulthood. Likewise, with the success of efforts to reduce HIV perinatal transmission through the use of voluntary HIV testing and antiretroviral therapy for pregnant HIV-infected women and their infants, the incidence of children age 13 and under who were diagnosed with AIDS declined over 90% between 1992 [Centers for Disease Control and Prevention (CDC), 2004 . With very few young children becoming infected with HIV in the United States, those who were infected 10 or more years ago comprise an increasing proportion of the pediatric/adolescent HIV patient population.
Early in the epidemic, children born with HIV infection were not expected to survive past childhood. Accordingly, parents and health care providers often did not anticipate these children would face the conventional challenges of adolescence, including decisions regarding sexual and other risk behaviors. As treatment advances emerged and it became evident that HIV-infected children were indeed entering adolescence, concerns pertaining to virus transmission, diagnosis disclosure, and complicated medical regimens began to take priority for parents as well as providers (Grubman et al., 1995) .
Despite highly active antiretroviral treatment (HA-ART), some HIV-infected youth will become symptomatic and develop AIDS. However, this does not preclude sexual behavior or necessarily facilitate safer behavior (Brown et al., 2000) . Boys and girls with moderate or severe immunosuppression have been found to have lower odds of having adrenarche compared to similarly aged children of the general U.S. population (Buchacz et al., 2003) yet, it is not known whether these pre-pubertal youth engage in sexual risk behaviors. It is important to assess the HIV transmission knowledge of HIV-infected adolescents and young adults who are coming to sexual maturity so that appropriate prevention messages and intervention programs can be delivered. No published studies have been found that have examined the longitudinal sexual knowledge of adolescents and young adults infected with HIV early in life.
Several studies have examined the sexual behavior of adolescents and young adults infected with HIV early in life. Frederick et al. (2000) conducted a crosssectional, retrospective study of older children, adolescents, and young adults enrolled in the CDC Pediatric Spectrum of HIV Disease (PSD) study. A supplemental data abstraction instrument was used to collect data on a one-time basis in 1997. Of 131 adolescents HIV-infected as children (mean age 15.5 years), 18% (n = 24) reported consensual sexual relations. Of those who were sexually active, 80% reported using condoms, but only one-third reported consistent condom use. A significant association was found between older age and sexual activity. This study was limited by the lack of sexual behavior data for 53% of the sample and its retrospective nature. Nevertheless, the findings suggest that despite their illness, perinatally infected adolescents engage in sexual activity and are a potential source of HIV transmission.
In an older population of 111 HIV-infected adolescents with hemophilia (mean age 18.5 years) 59% reported previous sexual intercourse and 63% reported condom use during their last sexual intercourse experience (Brown et al., 2000) . Zorilla and colleagues in Puerto Rico examined the factors associated with sexual activity and pregnancy in eight perinatally HIVinfected adolescents or young adults with a history of pregnancy and eight controls-perinatally HIVinfected females with no history of pregnancy (Zorilla et al., 2003) . While their sample size was too small for generalization, their findings suggest that the sexual behavior of perinatally infected women is similar to that of HIV negative adolescents and adults. Sexual experience in each of these studies is lower than that reported for a cohort of adolescents with sexually acquired HIV infection (n = 323, mean age 17 years) which found 65% were sexually active across all six study visits, with approximately 43% consistently reporting unprotected sex at last intercourse (Murphy et al., 2001) . In a review of trends of sexual behavior in U.S. high school students, 53% of high school students reported ever having sexual intercourse in 1991 while 47% reported the same in 2003. In addition, the percentage of currently sexually active students who used a condom during last sexual intercourse during this time frame increased significantly (46-63%; Grunbaum et al., 2004) . While these studies suggest that rates of sexual behavior reported by HIV-infected adolescents resemble those of their uninfected peers, direct comparisons cannot be made between these groups due to age, assessment, and measurement differences.
Several variables are likely to affect whether an adolescent practices safer sex behaviors. Self-efficacy, the belief that one can actually perform a specific behavior, is one possible determinant. A direct relationship between self-efficacy and the performance of health promoting behavior has been found in adolescents (Goldman & Harlow, 1993 (range: 13-24) ]. Eight of the original participants dropped out for the following reasons: four were lost to follow up, two were too ill to participate, one died, and one was referred to an adult treatment facility when she became pregnant. Only the 40 individuals who participated at both time points are included in the current analysis. Sixty-three percent (n = 25) of participants were female, 55% (22) were white, 25% (10) were Black/African American, 13% (5) were Hispanic, 8% (3) were ''other''; 65% (26) acquired HIV perinatally, and 35% (14) through a transfusion.
1 At T1, 15% of participants had absolute CD4 counts below 200 and at T2, 33% had CD4 counts below 200, a level of immune suppression not unexpected given the duration of the study population's HIV disease. Ninety-eight percent of study participants were receiving antiretroviral therapy and of these, 85% at T1 and 88% at T2 were receiving HAART.
Eligibility criteria included: (a) documented HIV infection for at least 13 years, (b) 13-24 years of age at study enrollment, (c) enrollment in an active treatment protocol at the NCI during the preceding 5 years, (d) ability to understand and read English, (e) awareness of HIV diagnosis, (f) absence of psychotic symptoms, and (g) absence of cognitive impairment (Full Scale IQ > 75). Families were approached by the Principal Investigator during a clinical visit and asked to participate in the study. Participating adolescents age 18 and over and caregivers signed informed consent and adolescents under the age of 18 gave written assent. All measures were administered by either the Principal Investigator or a trained research assistant. In accordance with NIH Clinical Center and PHS guidelines for reducing the risk of HIV transmission, participants who reported being sexually active were provided counseling pertaining to risk reduction and partner notification as described in the study's informed consent.
Measures

Youth Survey
This questionnaire combined items from two existing surveys. The first, the Youth Risk Behavior Survey (YRBS), is published by the CDC to obtain information about adolescent health risk behaviors (Grunbaum et al., 2004) . The survey is administered every 2 years to a national sample of high school students and monitors six categories of priority high-risk behaviors among youth and young adults. The demographics and sexual activity sections from the 2001 YBRS were administered in the current study and data from the 2001 and 2003 YBRS were used as comparison data for analysis as they were the closest to completion of each study time point. The questions used for these analyses asked whether the participant had ever had vaginal or anal intercourse, oral intercourse, whether they used condoms at last vaginal/anal or oral intercourse, whether they used alcohol or drugs at last intercourse, and the number of sexual partners in the past 3 months and in their lifetime. The second is a survey developed by the New York State Department of Health (NYSDOH) AIDS Institute to assess HIV transmission knowledge, self-efficacy regarding HIV sexual risk reduction and attitudes toward condom/ barrier use (NYSDOH, 1995) . Transmission knowledge questions were in a true/false format, while selfefficacy questions were worded, ''How sure are you that you would be able to:__'' followed by descriptions of specific condom use behaviors. Response categories included Not at all sure, Somewhat sure, Very sure, and Don't know. A summary score was calculated for overall condom use self-efficacy using the six items that refer specifically to condom use. Dichotomized condom use self-efficacy scores were summed to create a possible range of 0-6. Internal consistency for the overall condom self-efficacy summary scale was acceptable. Cronbach's alpha = 0.78 at T1 and 0.76 at T2.
Adolescent Questionnaire
This questionnaire was designed by the investigators to obtain information on different personal and diseaserelated factors.
Chart Abstraction
Tanner stage of development and demographic variables were abstracted from medical charts along with CD4 T-lymphocyte subset values and HIV-1 RNA levels (Roche Amplicor Ò , lower limits of detection 50 copies/ml) drawn on the day the questionnaires were administered.
Data Analysis
Independent sample t-tests were used in analyses examining differences in continuous variables between two distinct groups. Paired sample t-tests were used to evaluate differences in means of continuous variables between T1 and T2. Pearson chi-square analyses were used to evaluate differences in two categorical variables between T1 and T2. All tests were assessed against an alpha level of 0.05. For analyses of sexual behavior, data were looked at overall and stratified by grade level. For analyses of risk reduction self-efficacy, individual items are reported as well as the overall score for condom use self-efficacy.
Results
Sexual Behavior
Twenty-eight percent of the total sample at T1 and 41% of the sample at T2 had ever had oral, vaginal or anal sex (referred to as ''sexually active'' from now on). Rates of sexual activity were examined by age/ grade. Approximately one-third of participants in AIDS Behav (2007) 11:471-478 473 9-12th grade were sexually active versus between onethird and one-half of those over grade 12 (Table 1) . Among those who have ever had sex, participants reported a median of 2.0 partners in the past 3 months (T1 and T2) and 2.0 and 2.5 lifetime partners at T1 and T2, respectively. Twenty-five percent of participants at T1 and 45% at T2 were in Tanner stage V, indicating full sexual maturity. At both time points, those who were sexually active were at a higher Tanner Stage of Development than those who were not sexually active, T1: t(38) = 2.6, P < 0.05; T2: t(37) = 2.4, P < 0.05, with 50% of those in Tanner Stage V at T1 and 65% of those at Tanner Stage V at T2 reporting ever having had sex vs. 33% in Tanner Stage IV at T1 and 22% at T2. There were no differences between perinatally and transfusion acquired participants in whether they had ever had sex. Of those who were sexually active at each time point, 73% at T1 and 88% at T2 reported using a condom during last episode of vaginal or anal sex, with the rest reporting that no method was used to prevent the transmission of HIV. Of those who have ever had oral sex (n = 11 at T1, n = 15 at T2), only 40% used condoms the last time they had oral sex. Eighteen percent of the sample (n = 7) reported ever having been pregnant or having gotten someone pregnant. At T1, those with a lower CD4 count were more likely to be sexually active, t(38) = 2.8, P < 0.01, but there was no difference based on HIV-1 RNA levels. At T2, there was no association of either parameter with sexual activity.
Self-efficacy for Risk Reduction
Among those who were sexually active or who planned to become sexually active within the next 12 months (n = 18 at T1, n = 23 at T2), self-efficacy around condom use was moderate to high. Participants were most confident about their ability to: abstain from sex if their partner refused condom use (88% very sure at T1, 77% at T2), purchase condoms in a store (77% very sure at T1, 73% at T2), insist on condom use even if their partner did not want to (65% very sure at T1, 82% at T2), correctly use a condom (65% very sure at T1, 68% at T2), and use a condom correctly every time they have sex (65% very sure at T1, 59% at T2). The lowest scores were for being very sure that they would be able to totally abstain from sex (12% at T1, 19% at T2), abstain from sex even if all their friends are having sex (24% at T1, 19% at T2), and being able to use a condom even after drinking alcohol or using marijuana (41% at T1, 46% at T2). Efficacy for discussing the prevention of HIV/AIDS with one's partner was moderate, with just over half the sample confident that they could have such a discussion (59% very sure at T1, 55% at T2).
At T1, there was no difference between those who were sexually active or those who were not sexually active but planned to become so in the next 12 months in terms of their overall condom use self-efficacy, while at T2, those who were sexually active reported higher efficacy, t(38) = 3.1, p < 0.01. There were several significant differences in the individual efficacy items. Individuals who had had sexual intercourse were more confident that they could properly use a condom, T1: v 2 , (1, n = 17) = 4.0, P < 0.05; T2: v 2 , (1, n = 22) = 13.7, P < 0.01, and could walk into a store and buy condoms, T1: v 2 , (1, n = 17) = 3.6, P < 0.10 (marginal association); T2: v 2 , (1, n = 22) = 17.7, P < 0.01. In addition, at T2, those who were sexually active were more confident that they could abstain from sex if their partner refused to wear a condom, v 2 , (1, n = 22) = 6.9, P < 0.01.
Sexual Behavior Attitudes
Five attitude items were added to the Youth Survey at T2 (Kaiser Family Foundation, Hoff, Greene, & Davis, 2003) and are reported here. Seventy-seven percent agreed that ''Waiting to have sex is a nice idea, but no one really does''; 61% agreed that ''there is pressure to have sex by a certain age''; 43% agreed that ''once you have had sex, it is harder to say no the next time''; 41% agreed that ''if you have been seeing someone for a while, it is expected that you will have sex''; and 23% agreed that ''oral sex is not as big a deal as sexual intercourse''. There were no significant differences in having had sexual intercourse between those that endorsed any of these items and those who did not. The only sexual attitude for which there was a significant difference in sexual risk behavior knowledge was, ''There is pressure to have sex by a certain age'' with those agreeing with the item having higher overall sexual risk behavior knowledge than those not agreeing with the item, t(37) = 2.2, P < 0.05.
Sexual Behavior Knowledge
This cohort reported low knowledge of HIV sexual transmission risk behaviors. Only 18% of participants at T1 answered all six questions correctly (see Table 2 ), while 28% answered them all correctly at T2, t(39) = 3.3, P < 0.01. Overall, 55% exhibited increases in sexual risk behavior knowledge between T1 and T2, 28% stayed the same and 18% exhibited a decrease in knowledge. The one item for which knowledge did not improve over time was, ''Is washing oneself after having sex a good way to protect oneself from getting infected with HIV?'' However, two-thirds of the cohort knew the statement was false.
Comparisons were made between demographic variables and number of items answered correctly at each time point. At both time points, older participants ( ‡18 years) answered more items correctly than younger participants ( < 18 years), t(38) = 3.8, P < 0.01 at T1, t(38) = 2.8, P < 0.01 at T2. Those who had transfusion-acquired HIV had significantly greater knowledge at T1 than those who had perinatally acquired HIV, t(38) = 2.6, P < 0.05. This finding may have had more to do with age than mode of transmission as transfusion-acquired participants were substantially older [mean age 19.4, 21.1 years (T1, T2) compared to 15.2, 16.2 years (T1, T2) for perinatally infected participants] and the finding diminished at T2 as the cohort grew older.
Those who indicated using a condom at last intercourse had significantly higher sexual risk behavior knowledge than those who did not at T1, t(9) = 3.1, P < 0.05; at T2, the difference was in the same direction, but was not significant. Sexual risk behavior knowledge was correlated with overall condom efficacy at each time point. Decreased condom self-efficacy was significantly associated with decreased sexual risk behavior knowledge at each time point, r = 0.57, P < 0.05 at T1; r = .42, P = 0.05 at T2. There were no significant differences in sexual behavior knowledge based on race/ethnicity or between those who reported ever having had sexual intercourse (T1: n = 11, T2, n = 16) and those who had not at T1 or at T2.
Discussion
Adolescence is a time of sexual and lifestyle behavioral experimentation. Results from the current study suggest that youth with perinatally or transfusion acquired HIV infection are sexually active and have relatively low knowledge of sexual transmission risk behaviors. This sexual behavior knowledge is significantly related to age, risk reduction self-efficacy, and the belief that there is pressure to have sex by a certain age. Knowledge was not better for those who were sexually active than for those who were not, though it increased over time. Like their uninfected peers, HIV-infected youth perceive that most people their age are having sex and that there is indeed pressure to do so, both by a certain age and by a certain point in a relationship (Kaiser Family Foundation et al., 2003) . The rates of sexual activity reported by 9-12th graders in the current, admittedly small sample, are lower than levels reported by 9-12th graders in the YRBS, while their rates of condom use were higher at T1 (73% study cohort, 58% YRBS; CDC, 2005) and at T2 (88% study cohort, 63% YRBS; Grunbaum et al., 2004 ). However, rates of sexual activity increased over time as the cohort aged, while condom use generally remained high. These results suggest that by late adolescence, a substantial number of youth with HIV acquisition early in life are sexually active and have moderate to high levels of condom use and moderate to high-condom use selfefficacy. Importantly, overall condom use self-efficacy was significantly correlated with sexual risk behavior knowledge, establishing an important link between knowledge of HIV sexual transmission risk behaviors and an individual's confidence in their ability to use condoms, a critical behavior in preventing HIV transmission. In contrast, the lowest self-efficacy scores in the cohort were observed for the ability to totally abstain from sex or abstain from sex even if all their friends are having sex, reinforcing the need for both abstinence and condom-based prevention messages. HIV positive youth in the current study appeared to have a later onset of sexual risk behavior than a normative sample of U.S. high school students. This may be a result of delayed emotional maturity resulting from reduced expectations of survival and independent functioning and therefore greater dependence on their families (Battles & Wiener, 2002) . Alternately, it may be a consequence of delayed puberty, a finding associated with HIV disease (Buchacz et al., 2003) since a majority of study participants were not mature sexually (Tanner stage IV or less) at both time points. Further analysis of the data revealed that by the time participants in the sample reached full sexual maturity (Tanner stage V), at least half reported being sexually active, compared to less than a third in the earlier stages of pubertal development. Noteworthy is the fact that the rates of sexual activity reported in this study are similar to rates of sexual activity reported in studies of adolescents with other chronic diseases such as cystic fibrosis and sickle cell anemia (Britto et al., 1998) . Consistent with the findings of Brown et al. (2000) , health status as reflected by the level of severe immunosuppression (absolute CD4 counts below 200 cells/mm 3 ) did not preclude adolescents from being sexually active. Encouragingly, participants reported generally high rates of condom use at last intercourse. In support of this was the finding that those who were either sexually active or planned to become sexually active within the following year had moderate to high rates of condom use self-efficacy. Those who were sexually active were more likely to feel confident about the concrete aspects of condom use and notably, more likely to feel confident in their ability to abstain from sex even if all their friends were having sex or if their partner refused to wear a condom. Despite these findings, the observation that almost one fifth of the sexually active sample had either become pregnant or gotten someone pregnant in their lifetime suggests inconsistent condom use. Hence, confidence in one's ability to use condoms does not guarantee that individuals will indeed use them or use them consistently over time. Inconsistent condom use may be related to uncertainty regarding how to use them correctly or the inability to effectively discuss condom use with potential sexual partners. The fact that over one-third of participants who were sexually active or who planned to become so within the following 12 months were unsure that they would be able to use a condom correctly every time they had sex (35% at T1, 41% at T2) or discuss prevention of HIV/ AIDS with one's partner (41% at T1, 45% at T2) is of concern. Of further note was the decline in efficacy regarding one's ability to refuse sex without a condom/ barrier over time, consistent with the observation that 43% of the cohort reported that once a person has had sex, it is harder to say no the next time. Whether this trend is due to frustration, apathy, peer pressure or some other variable is unknown and clearly warrants additional investigation. These results highlight the critical need to provide risk reduction education to adolescents who acquired HIV early in life regardless of whether or not they are currently sexually active and irrespective of their disease status. Routine medical visits are ideal times to pay particular attention to the specific issues relating to behaviors of HIV-infected youth, including sexual risk factors, psychological distress, and drug or alcohol use which may be associated with sex. These visits allow practitioners the opportunity to assess and maximize knowledge of sexual transmission, improve and reinforce consistency of correct condom use, and to repeatedly deliver abstinence and prevention messages. Risk reduction behavior is not always immediate nor sustained, and repeated messages surrounding HIV prevention are essential.
For adolescents who are sexually active or considering becoming sexually active it is important in health care settings to attempt to facilitate both condom use negotiation and diagnosis disclosure to sexual partners so that further sexual transmission of the virus can be avoided. Since most HIV-infected adolescents and young adults who acquired their disease perinatally or early in life are diagnosed within the first decade of life, partner notification was not a relevant issue at diagnosis. However, it is critical that consideration be given to addressing this routinely during health care visits once puberty begins. This is particularly important among adolescents who may fear the consequences of disclosure of their diagnosis and lack: (a) the skills to discuss such sensitive topics with their partners, (b) confidence in their ability to abstain from sex, or (c) adequate knowledge of safer sex behaviors to prevent further transmission of the virus. This suggests that interventions designed to reduce the risk of sexually transmitting HIV by this population require developmentally appropriate psychological and social approaches that target perceptions of peer influence and emotional well being (Brown et al., 2000) .
The need to incorporate secondary prevention messages into primary care for this population is further challenged by issues that arise surrounding the need for adolescents to transition from pediatric to adult health care as they age. Anxiety associated with having to break ties with pediatric health care providers with whom these adolescents have had longstanding relationships can compromise a successful transition. If these youth become disengaged from the health care system, the opportunities to provide prevention messages and to achieve prevention goals are lost, a situation to be avoided at all costs given the alarming public health implications of potential transmission of multi-drug resistant virus by youth that are heavily-treatment-experienced.
Several important limitations to this study need to be noted. The current cohort consists of adolescents from families resourceful enough to enroll their children in clinical trials and hence our sample may not be representative of perinatally HIV-infected adolescents who may be living with greater socioeconomic challenges and mental health issues in the household. Neither disclosure to sexual partners nor consistent condom use were directly measured in the current study and similar to other published reports, the sample size is small thereby limiting its power. Not having a prospective comparison group, being limited to historical comparisons cited in the literature, and the use of different assessment tools among studies are methodological problems that can compromise the findings. It is important that future studies address these design limitations.
Nevertheless, this is the first study to longitudinally assess HIV risk knowledge of adolescents and young adults infected with HIV perinatally or early in life. Although a substantial proportion of adolescents were sexually active, our study documented significant deficiencies in knowledge of risk behaviors associated with HIV transmission and an association between sexual knowledge and condom use self-efficacy. As the pediatric HIV population approaches adulthood, they are faced with the challenges of learning to manage their chronic illness, adjusting to living independently, making decisions about initiating sexual relationships and disclosing potentially damaging information about themselves to their sexual and romantic partners, while simultaneously needing to acquire the knowledge and skills that will permit them to engage in risk reduction practices should they choose to become sexually active. It is important that programs and future studies are designed to help this emerging population successfully address these issues. The critical need for providing consistent and continuous secondary prevention messages cannot be overemphasized, given the troubling public health implications that could result from a failure to do so.
